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Structural Reinforcement Methods and Structural Safety Analysis
for the Elevated Eaves Height 1-2W Type Plastic Greenhouse

Hee Ryong Ryu'*, In Ho Yu!, Myeong Whan Cho!, and Yeong Cheol Um?
protected Horticulture Research Station, NTHHS, RDA, Busan 618-800, Korea
’Department of Horticultural Crop Research, NIHHS, RDA, Suwon 440-706, Korea

Abstract. This study was conducted to find proper structural reinforcement methods for the 4.5m-high
(eaves height) 1-2W type plastic greenhouse. 3D finite element analysis was used to analyze the steel-tube
structure. The 4.5m-high 1-2W type plastic greenhouse was modified by welding 1.5m-long steel-pipes into
a 3.0m-tall columns of the standard 1-2W type plastic greenhouse. This remodeling method is widely used
in Korea with farmer’s discretion to increase the production when they grow paprika. But it is not based on
the quantitative structural analysis. The proposed reinforcement methods were proved to stand against the
design wind velocity of 40m - s™' and snow depth of 40cm. It strongly implies that the cross beam between
side columns and wind resistance walls, and the lattice type cross beam should be good reinforcements to

improve the structural safety of the elevated eaves height plastic greenhouse.
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Table 1. The list of 1-2W type plastic greenhouses.
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Dimension (mm) Height Main column Rafter Purlin Design load

. Width . . . Wind  Snow

Type (Abbreviator) Ridge Eaves External diameter x Thickness@Spacing @m-s’) (cm)
Standard (S) 4,550 2,700 7,000 $48 x 2.1¢@2000 $25 x 1.5t@600  ¢25 x 1.2t 30 19
Square A (SA) 4,800 3,000 7,000 [160 x60x2.3t@3000 $31.8 x 1.5t@600 ¢25.4 x 1.2t 35 27
Square B (SB) 5,000 3,000 7,500 [160 %60 x23t@3000 ¢31.8 x 1.5t@600 ¢25.4 x 1.2t 35 25

$48 x 2.1t@2000

Rafter strengthened (SR) 4,550 2,700 7,000 $48 x 2.1t@2000 $25.4 % 1.5(@500 $25.4 x 1.2t 35 25
Supplementary (SS) 4,800 3,000 7,000 [J60 x 60 x23t@3000 ¢25.4 x 1.5t@600 ¢25.4 x 1.2t 35 35

831.8x1.51@600

7,000 1,000

1

!

<
Unit : mm £ Q
74 N N 4 V4 < I8
I 60%60x2.3t@3000 o
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Fig. 1. The 1-2W A-type(SA) plastic greenhouse with 3.0m of column spacing.
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Fig. 2. Elevated eaves height 1-2W type plastic greenhouse with 3.0m of column spacing.
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Fig. 3. Evaluated reinforcement methods as increasing the eaves height: (a) Double layers cross beam and auxiliary side col-
umn-RM 01; (b) Double layets cross beam with vertical web-RM 02; (c) Lattice type cross beam and horizontal reinforce-

ments on windbreak wall-RM 03; (d) Inclined reinforcements on windbreak wall-RM 04,
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Table 2. Limited height depending on section property of a main column member.
Section properties of a main column
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Fig. 4. Cropping height of 1-2W type plastic greenhouses.
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Fig. 5. Dimension of members for evaluated reinforcement methods.
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Table 3. Reinforcement effect with various reinforcement methods.

Maximum combined stress, MPa[A] Reinforcement index®
Reinforcement Wind load, 40m - s Snow load, 40cm Against wind load Against snow load

method Windbreak Cross Windbreak  Cross Windbreak  Cross Windbreak  Cross

wall beam wall beam wall beam wall beam
RM 01 494.1 3622 225.5 3194 0.427 0.583 0.936 0.661
RM 02 467.8 526.9 190.9 385.8 0.451 0.400 1.105 0.547
RM 03 187.0 58.1 151.1 54.8 1.128 3.632 1.396 3.850
RM 04 1717 55.0 149.0 50.6 1.229 3.836 1.416 4.170

"Reinforcement index = allowable stress (211MPa)/[A].

(a) 40m -+ s of wind load. (b) 40cm of snow load.

Fig. 6. Deformed shape of the elevated eaves height 1-2W A-type plastic greénhouse with effective reinforcement method,
RM 03 under design loads.
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Fig. 7. Recommended reinforcement methods for the elevated eaves height 1-2W A-type plastic greenhouse: (a) Lattice type

cross beam and horizontal reinforcements on windbreak wall; (b) Lattice type cross beam and inclined reinforcements on
windbreak wall.
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